Abstract Physicochemical properties of six different varieties of barley and their b-glucans were evaluated along with in vitro bile acid binding and starch digestibility for health beneficial effects. b-Glucan concentrations in less-hulled, beer, black, waxy-naked, naked, and blue barley were 3. 44, 3.46, 6.08, 6.75, 6.45, and 5.91%, respectively. Viscosity of waxy-naked barley flour was the highest. While the yield of b-glucan from waxy-naked barley after extraction was 95.49%, less-hulled barley was 70.09%. As the increase of b-glucan purification, in vitro bile acid binding was increased when compared with cholestyramine and cellulose. In vitro starch digestibility of barley flour and the mixture of potato starch with b-glucan were increased by heat and b-glucan concentration. Estimated glycemic index (GI) calculated based on in vitro starch digestibility was decreased by increasing b-glucan. These results suggest that the physicochemical properties of barley were dependent on the variety of barley and especially b-glucan was involved.
Introduction
Barley, an ancient and important cereal crop, was presumably first used as human food but evolved primarily into feeding, malting, and brewing. Barley can be classified into various types: spring or winter, two-row or six-row, hulled or hull-less, and malting or feeding. The different types of barley are various in their physicochemical properties and contain different concentration of dietary fiber including b-glucan [1, 2] . Hull-less barley requires removing hulls and is more suitable for food processing and human consumption than hulled barley. On the other hand, hulled barley is preferred for malting and brewing [3] . The hull-less barley was genetically developed to have waxy endosperm and high-amylose starch [4] . Waxy starch genotypes are usually associated with high b-glucan content [5] .
b-Glucan, non-starch polysaccharide, is found in walls of endosperm and aleurone cells of barley. It constitutes 2-11% weight of the total kernel carbohydrates but usually ranges between 4 and 7%. Because b-glucans are enclosed with starch and protein matrix and lipid in the grain, it is difficult to extract b-glucan. The extraction and purification of b-glucans in barley can be affected by flour particle size, temperature, pH, and ionic strength [1, 6] . A typical extraction process involves: inactivation of endogenous enzymes, extraction of b-glucans, and purification-isolation stage [7] . Structurally, b-glucans are linear homopolymers of D-glucopyranosyl residues linked mostly via two or three consecutive b(1 ? 4) linkages that are separated by a single b(1 ? 3) linkage with the ratio of about 2.3-3.0 [8] . b-Glucans from different types of cereals showed the similar molecular structure but exhibited variation in the ratios of b(1 ? 4) to b(1 ? 3) linkages [9] . The chain conformation of b-glucans is attributed to their ability to form solution with high intrinsic viscosity [8] . The rheological properties of b-glucan solution depend mainly on the ability of b-glucan chains to associate, which can be determined by the proportion of cellotriosyl/cellotetraosyl units and their arrangements [10] . In addition, solubility of b-glucan is influenced by decreasing or increasing molar ratio of cellotriosyl/cellotetraosyl units [11] .
The ability of b-glucan to form viscous solution is a key physicochemical property responsible for physiological effects of b-glucan [12] . When consumed barley, bglucan as a soluble dietary fiber increases small intestinal viscosity because of its low molecular weight and tendency to form viscous solution and results in reducing cholesterol levels [13] . The molecular weight of b-glucans to be physiologically active varies between 2.65 9 10 4 and 3.24 9 10 6 g/mol [14] . The molecular weight of b-glucans depends on genetic and environmental factors, isolation, and purification process [15] . Frank et al. [16] reported that b-glucans with low molecular weight (2.17 9 10 5 g/mol) and high molecular weight (7.97 9 10 5 g/mol) had similar cholesterol-lowering effects in human. Serum cholesterol concentration can be reduced by barley b-glucans which effectively excretes bile acids. And bile acids are synthesized in the liver from cholesterol. Circulation by being converted from cholesterols to bile acids in the liver can effectively reduce cholesterol in serum [17, 18] .
Along with cholesterol lowering effect of b-glucan, it can slow down the digestion of carbohydrates as showing low glycemic index (GI) [19] [20] [21] . The GI is a classification of the blood glucose-raising potential of carbohydrates in foods. In general, low-GI foods are defined as having a GI of less than 55, medium-GI foods a GI of 56-69, and high-GI foods a GI of over 70. Low-GI diets are associated with improvement of insulin sensitivity and increase of colonic fermentation. b-Glucans from barley have been shown to influence human glycemic control and help lower GI of foods. In this study, the physicochemical properties of b-glucans extracted from six different varieties of barley grown in Jeju were investigated along with the health beneficial characteristics of b-glucan for an attempt to better understand the characteristics of b-glucan in barley.
Materials and methods

Materials
Six different varieties of hulled and hull-less barley were obtained from a local market in Jeju (Jeju, Korea). Hulled barley varieties included less-hulled barley (Iksan168ho) and beer barley (Iksan173ho). Hull-less barley varieties included black barley (Iksan100ho), waxy-naked barley (Suwon236ho), naked barley (Erie36ho), and blue barley (Iksan479ho). All barley grains were ground into flour with a mill (MF10, Ika-Werke GmbH & Co., Staufen, Germany) through a 100 mesh screen.
Chemical composition of barley flours
Chemical composition of barley flours were determined by AOAC [22] and AACC [23] method. Moisture content of barley flours was measured with a moisture analyzer (MX-50, AND Ltd. Co., Tokyo, Japan) at 105°C. Crude protein, fat, and ash were determined by Kjeldahl method, Soxhlet extractor, and ash incineration, respectively. Contents of bglucan, starch, and total dietary fiber were analyzed by following the AACC method 32-23.01 and 32-76.13, and AOAC method 991.43 using assay kits (Megazyme International Co., Wicklow, Ireland). All analyses were run in triplicate and the averages were reported on a dry-weight basis.
Viscosity of barley suspension
Viscosity of barley suspension was determined by modification of the procedure of Jeong et al. [24] . Barley flour suspension was prepared by 1:8 (barley flour to water ratio) and the viscosity was measured by a viscosity analyzer (DV-I, Brookfield Co., Middleboro, MA, USA). A stirring speed was 100 rpm, spindle No.2 was used at room temperature (25°C), and No.4 (less-hulled barley), No.5 (beer barley), No.6 (black barley), and No.7 (waxy-naked, naked, and blue barley) were used at 70°C for heating.
Extraction of b-glucan
b-Glucan was extracted from barley using the procedure of Kim and White [25] with modifications. Barley flour (15.0 g) was suspended in 150 mL of 82% ethanol and refluxed to remove fat and inactive endogenous enzyme at 80°C for 3 h. Barley suspension was then centrifuged at 31009g for 20 min to remove supernatant. Precipitate was washed with 50 mL of 95% ethanol, centrifuged at 31009g for 15 min twice, and dried at 40°C for overnight. b-Glucan was extracted from the refluxed and dried flour (about 12.0 g) by using 240 mL distilled water at 65°C for 3 h. After extraction, suspension was centrifuged at 31009g for 20 min and the process was repeated for two more times. The supernatant was treated with 0.2 mL aamylase (Sigma-Aldrich, St. Louis, MO, USA) and 36-40 mg calcium chloride (Sigma-Aldrich) in a shaking water bath (JSSB-30T, JS Research Inc., Gongju, Korea) at 90°C for 2 h and centrifuged at 31009g for 20 min. The supernatant was then reacted with 15 mg pancreatin (Sigma-Aldrich) and 0.2 mL 10% sodium azide (SigmaAldrich) at 40°C for 3 h. Reactant was added with 2-fold 60% ethanol, stayed overnight at 4°C, and centrifuged at 31009g for 20 min. The precipitate was freeze dried. Total b-glucan contents in freeze-dried b-glucan extracts were measured for the calculation of extraction yield.
Molecular weight determination of b-glucan
The molecular weight (MW) of b-glucans extracted from different barley varieties was determined by size-exclusion ultra high-performance liquid chromatography (SE-UHPLC, Ultimate 3000, Dionex, Thermo Flasher Scientific Inc., Waltham, MA, USA) equipped with a refractive index detector (RI-101, Shodex Scientific Co., Ltd, Kanagawa, Japan). The SE-UHPLC was composed of a solvent delivery module, a 50 lL loop injection valve, a guard column (Ohpak SB-G, Shodex Showa Denko KK, Tokyo, Japan), and three sequentially connected columns (Ohpak SB-806 HQ, Ohpak-805 HQ, Ohpak-804 HQ, Shodex Showa Denko KK). The columns and detector were controlled at 40°C. The mobile phase was MiliQ water (Milipore, Bedford, MA, USA) containing 0.02% sodium azide (SigmaAldrich) and the flow rate was 0.6 mL/min. b-Glucan samples were filtered through a 0.45 lm nylon syringe filter (Minisart RC 25, Sartorius Stedim Biotech, Goettingen, Germany). b-Glucan MW standards (P-MWBGS, Megazyme International Co.) with reported MW values, 3.59, 2.45, 1.93, 1.23, and 0.4 9 10 5 g/mol, were used to estimate b-glucan molecular weight. The peak MW and numberaverage MW (M n ) were obtained by a first-order polynomial curve of log MW against retention time. The M n was calculated by the equation M n = P w i / P (w i /MW i ), where w i was the weight fraction of time 9 height derived from the SE-UHPLC chromatogram [21] .
Resolubility of b-glucans extracted from barley
Resolubility of the extracted b-glucan in water was measured according to the method of Lee et al. [26] with modifications. The b-glucan dispersion in water (1%, w/v) was agitated at 50°C for 12 h and centrifuged at 12,0009g for 10 min. Precipitate was dried and calculated as percentage (%) = [(weight of b-glucan dissolved in the supernatant)/ (initial weight of b-glucan in the dispersion)] 9 100. 
In vitro bile acid binding
In vitro bile acid binding of b-glucans from barley was determined to investigate health beneficial effect of b-glucan [28] . The bile acid mixture was prepared with sodium cholate (35%, Sigma-Aldrich), sodium deoxycholate (35%, Sigma-Aldrich), sodium glycocholate (15%, SigmaAldrich), and sodium taurocholate (15%, Sigma-Aldrich) in 10 mL of sodium phosphate buffer (50 mM, pH 6.9). The total amount of bile acid was 11.2 lmol/100 mg of bile acid mixture. Cholestyramine (Sigma-Aldrich) as a positive control and cellulose (Sigma-Aldrich) as a negative control were used. The stimulated gastric digestion was performed that 50 mg of cholestyramin and cellulose and 10 mg of bglucan were digested with 1 mL of 0.01 N HCl and incubated in a shaking water bath at 37°C for 1 h. The pH of mixture was adjusted to 6.9 with 0.1 N sodium hydroxide. The bile acid mixture (4 mL) and porcine pancreatin (5 mL, Sigma-Aldrich; 6.25 mg/mL in a 50 mM phosphate buffer, pH 6.9) were added and incubated in a shaking water bath at 37°C for 1 h. After centrifugation at 27009g for 15 min, the supernatant was taken. The precipitate was mixed with 5 mL of sodium phosphate buffer (50 mM, pH 6.9) and centrifuged again to remove the residue. The supernatant was taken and combined with the former supernatant. The supernatant that contained unbound bile acid was analyzed by a Bile Acid Diagnostic Kit (Trinity Biotech, Bray Co., Wicklow, Ireland). The standard curve was developed from the different concentrations of bile acid mixture (1.4, 0.7, 0.35, 0.175, 0.07, 0.035 lmole/mL) and the concentration of the bile acid bound were calculated. The in vitro bile acid binding of b-glucan from different varieties of barely was calculated on the basis of 100% bile acid binding of cholestyramine.
Preparation of barley flour and mixtures of potato starch and b-glucans for in vitro starch digestibility
To evaluate in vitro starch digestibility of b-glucan, barley flours (5% in distilled water) and eight different mixtures of potato starch (OCI Company Ltd., Seoul, Korea) with bglucan extracted from barley were prepared by the method of Kim and White [19] with modification. For the mixtures, potato starch (5%) and b-glucan (1%) extracted from six barley varieties were solubilized in water. Eight different mixtures were: (1) potato starch solution (S, non-heated), (2) potato starch solution with heat (S, heated), (3) potato starch and b-glucan from less-hulled barley (S ? Lesshulled), (4) potato starch and b-glucan from beer barley (S ? Beer), (5) potato starch and b-glucan from black barley (S ? Black), (6) potato starch and b-glucan from waxy-naked barley (S ? Waxy), (7) potato starch and bglucan from naked barley (S ? Naked), and (8) potato starch and b-glucan from blue barley (S ? Blue). The ratio of potato starch and b-glucan was established after preliminary study. All solutions were adjusted to the same volume and were heated at 90°C for 10 min to gelatinize starch and cooled to room temperature except the samples with no heat.
In vitro starch digestibility
In vitro starch digestibility of the barley flours (nonheated and heated) of six different varieties and the eight different mixtures of potato starch with b-glucans were determined [19] . The enzyme for digestion was prepared with 0.9 g of pancreatin (Sigma-Aldrich) in 8 mL of distilled water and centrifuged at 15009g for 10 min. The supernatant (5.4 mL) was mixed with 0.8 mL of diluted amyloglucosidase (89 U/mL, Megazyme International Co.). The enzyme solution was added with 0.5 mL of distilled water.
The six different barley flours (non-heated and heated), the mixtures of potato starch with b-glucans (heated), potato starch without b-glucan (non-heated and heated), and white bread (control) were digested as following: the sample was mixed with 10 glass beads (5 mm diameter), 2 mL of 0.05 M hydrochloric acid, and 10 mg of pepsin in 50 mL tube. The samples were incubated at 37°C in a shaking water bath for 30 min. Four milliliter of sodium acetate buffer (0.5 M, pH 5.2) and 1 mL of enzyme solution were added to the tube at 1 min interval while the samples were incubated at 37°C in a shaking water bath. Aliquots (100 lL) from the tube were taken at 0, 10, 20, 30, 60, 90, 120, and 180 min and 1 mL of 50% ethanol was added to each tube. These tubes were centrifuged at 8009g for 5 min. The glucose concentration of the supernatants (100 lL) was measured using D-glucose assay kit (Megazyme International Co.). Total starch hydrolysis was calculated as following: Total starch hydrolysis (%) = ((released glucose weight 9 160/182)/(total starch weight in prepared solutions)) 9 100.
Estimated glycemic index
The estimated glycemic index (GI) was calculated by the equation of Goni et al. [29] . Hydrolysis curve for each product was described as following:
Á ; where C is the concentration at time t (min) and C 1 is the equilibrium concentration estimated by above equation. The area under the hydrolysis curve (AUC) was calculated for all products. AUC ¼ C 1 t f À t 0 ð ÞÀ
where t f is the final time (180 min) and t 0 is the initial time (0 min). A hydrolysis index (HI) was predicted by dividing the AUC of each treatment by the AUC of control (white bread). The GI was then estimated as followed:
Statistical analysis
All analyses were done in triplicate. Data were analyzed by the analysis of variance (ANOVA) and followed by the Duncan's multiple range test (p \ 0.05) using SPSS (Statistics Package for the Social Science, Ver. 18.0, SPSS Inc., Chicago, IL, USA).
Results and discussion
Chemical compositions of barley flour Lee [30] that total dietary fiber in barley were 9-10%. The waxy-naked, naked, and blue barley contained high amount of total dietary fiber. b-Glucan contents of black, waxy-naked, naked, and blue barley flours were ranged from 5.91 to 6.75%, which were greater than those of less-hulled and beer barley flour. Lee [31] reported that total b-glucan contents of hulled barley and hull-less barley varieties were 3.27-5.55%. The b-glucan contents of hulled barley varieties in the current study were similar to the report of Lee [31] but hull-less barley varieties were greater than them. According to Skendi et al. [32] report, barley usually contained 5-11% of b-glucan. The less-hulled and beer barley contained low amounts of b-glucan because these barley varieties were genetically modified to reduce bglucan for beer brewing [3] . The study of Baik [2] reported that barley was usually composed of 65-68% starch, 10-17% protein, 4-9% bb-glucan, 2-3% fat, and 1.5-2.5% ash, which was a similar result with the current study.
Viscosity of barley flour suspension
Viscosity of barley flour suspensions measured at room and heating temperature was shown in Fig. 1 . The viscosity of waxy-naked barley at room temperature was 73.80 cP which was the highest among other varieties of barley. The viscosities of other barley varieties ranged from 30.13 to 55.20 cP. After heating, the viscosity of waxy-naked barley greatly increased to 4960 cP and black, naked, and blue barley were in the range of 973-2333 cP. These values were greater than those of less-hulled and beer barley suspensions (429-493 cP). Viscous solution generally contains water soluble polysaccharides including soluble dietary fiber [33] . Izydorczyk et al. [3] reported that viscosity, which determined the physical characteristics of barley, was affected by b-glucan concentration [3] . Therefore, in the current study, it was estimated that the viscosity of barley flour suspension at room temperature was affected by b-glucan. Wood [34] showed that b-glucan formed high viscous solution. Black, waxy-naked, naked, and blue barley containing high amount of b-glucan showed higher viscosity than less-hulled and beer barley did (Fig. 1) . As heating, the viscosity of all barley flour suspensions was increased. This was possibly related to starch gelatinization as well [6] . In addition, the soluble dietary fiber was extruded to increase in viscosity because the insoluble cell walls of barley were destroyed by heating [35] .
Characteristics of b-glucan extracted from barley b-Glucans extracted from six different varieties of barley showed the b-glucan concentration in the range of 70.09-95.46% (Table 2) . b-Glucan in the less-hulled barley extract was the lowest as 70.09%. Izydorczyk et al. [36] reported that b-glucan extraction was affected by barley genotype and milling rate. Although barley mostly had high concentration of b-glucan, the extraction of b-glucan was difficult because b-glucans are structurally enclosed to starch, protein, and lipid [37] . The less-hulled barley was the variety which was not completely milled so that the yield of bb-glucan was not possibly high. The b-glucan extract from beer barley was comparatively high in bglucan concentration (85.47%) despite of its variety. Therefore, the extraction yield of b-glucan depended on not only the b-glucan content in barley flour but also other conditions, such as extraction processing, temperature, pH, and time [2] . The b-glucan extracts contained 2.57-7.48% of starch (Table 2) . Likely, most of the starch in the barley flour was removed during enzyme treatment with a-amylase and pancreatin. b-Glucan extracts were mostly soluble b-glucan although other complex carbohydrates might not be measured by the methods of total starch and b-glucan analysis [38] . Peak and average molecular weight (MW) of b-glucan extracts are shown in Table 2 . The peak MW of blue, naked, less-hulled, and waxy-naked barley were 9.82, 9.30, 9.14, and 8.92 9 10 5 g/mol, respectively, and beer and black barley were 7.40 and 6.79 9 10 5 g/mol, respectively. The average MW of barley flours ranged from 5.68 to 7.29 9 10 5 g/mol. This study indicated that the peak and average MW of hull-less barley varieties were similar to each other except black barley. The peak and average MW of black barley were more similar to beer barley. In addition, the MW of b-glucan was high when b-glucan content was low. Park et al. [39] reported that b-glucan MW was decreased as b-glucan purification was increased. Lazaridou and Biliaderis [15] were reported that b-glucan MW was different depending on barley varieties. Choi et al. [40] reported that the MW of b-glucan from non-waxy and waxy barley exhibited in the range of 2.0-9.3 9 10 5 and 5.4-9.7 9 10 5 g/mol, respectively. The molecular weight of b-glucan extracted from six different barley varieties depended on barley variety. Furthermore, the b-glucan molecular weight ranges could affect the biological functions of b-glucan when incorporated in food products.
Resolubility of the b-glucan extract from waxy-naked barley in water was the greatest as 56.56% and beer barley was the lowest as 29.89% (Table 2 ). According to Izydorczyk et al. [36] , the b-glucan of waxy type barley showed slightly higher solubility than other types of barley. Although b-glucan concentration extracted from beer barley was high, its resolubility was low. Extracted b-glucans were mostly composed of b-glucan and starch. Therefore, resolubility of b-glucan extracted from different varieties of barley was affected by b-glucan structure, component, extraction conditions, and preprocessing [30] . In addition, the water solubility can influence blending of b-glucan into foods and more stable mixtures.
The ratio of b(1 ? 3) and b(1 ? 4) linkages in bglucan extract to compare structural characteristics is shown in Table 2 . The ratio of b(1 ? 3) and b(1 ? 4) linkages was as 1.71-2.86 to 1.0 which were similar to the results of Stone and Clarke [9] study showing as 2.3-3.0 to 1.0. The study of Phillip and Stone [40] indicated that the more b-glucan purified, the more the ratio of b(1 ? 3) and b(1 ? 4) linkages increased. The b-glucan extracted from less-hulled barley with low purification showed low ratio of b(1 ? 3) and b(1 ? 4) linkages.
In vitro bile acid binding
In vitro bile acid binding of b-glucan, cholestyramine, and cellulose are shown in Table 3 . The positive control, cholestyramine, was bound to 8.96 lmol of bile acid/ 100 mg. The negative control, cellulose, was calculated as 0.66% binding when cholestyramine was bound to 100% of bile acids. These values of two controls were similar to the results shown in Kim and White [41] . The in vitro bile acid binding of b-glucan extracted from waxy-naked barley was the highest as 27.16%. This result was possibly attributed to the high amount of b-glucan in the extract. Other barley b-glucan extracts were calculated as 24.39-25.74% of bileacid binding. Although the less-hulled barley contained low b-glucan content, the in vitro bile acid binding was measured as similar as other barley varieties. Kim and White [41] reported that the bile acid binding values was influenced by the b-glucan concentration. b-Glucan can lower the cholesterol level by removing bile acid [42] . Kahlon and Smith [18] showed that food fractions, such as dietary fiber, prevented the reabsorption of bile acid and stimulated plasma and liver cholesterol conversion to additional bile acids. Eliminating bile acids consumes cholesterol and reduces the serum cholesterol level. Kahlon and Smith [18] confirmed that bile acid binding was affected by the structure of carbohydrate and the presence of flavonoids and polyphenols. The bile acid binding of bglucan from the black barley (the lowest bile-acid binding) was possibly influenced by the contents of flavonoids, such as anthocyanins [43] . In addition, the high bile-acid binding value of the less-hulled barley containing low b-glucan concentration might be suggested that the other types of dietary fiber present in the b-glucan extract possibly helped to bind bile acids.
In vitro starch digestibility
In vitro starch digestibility of barley flour is shown in Fig. 2 . The starch hydrolysis of all barley flour increased as increasing the digestion time. The starch digestibility of all raw barley flour had similar patterns; however, barley that contained low b-glucan (i.e. less-hulled and beer barleys) was in low starch digestion. When heated barley flour, the starch digestibility greatly increased as shown in Fig. 2(B) . The starch digestibility of blue barley flour was the highest when heated. Generally, the starch digestibility can be influenced by structure of starch, cultivar, b-glucan content, and sensitivity of enzyme [44] . Barley starch had usually low amylose content and rice, potato, and bean starch with high amylose content were more easily digested than barley did [29, 45] . In vitro starch digestibility of potato starch (non-heated and heated) and the mixtures of potato starch with b-glucan extracted from different varieties of barley are shown in Fig. 3 . The starch digestibility of the mixtures of potato starch and b-glucans were lower than those of heated potato starch and white bread as a control. These results indicated that b-glucan in the mixtures possibly retarded starch digestion. The mixture of potato starch and b-glucan extracted from waxy-naked barley (S ? Waxy) tended to be high in starch digestibility when compared with other mixtures with b-glucan extracts. According to Kim and White [19] , the b-glucan with low molecular weight impacted to reduce starch digestion. In addition, the rate of starch digestion can be slow by the incorporation of indigestible amylopectin of starch [46] . Therefore, structural features of starch in b-glucan extract should be investigated as a further study.
Estimated glycemic index
Based on the starch digestibility, the estimated glycemic index (GI) was calculated and shown in Tables 4 and 5 . The estimated GI of raw and heated barley flour belonged to low-GI food and medium-GI food as 43.14-46.06 and 55.36-61.97, respectively (Table 4 ). The estimated GI of barley flour in the current study was lower than the estimated GI of barley as shown in Foster-Powell et al. [47] . According to Zhang et al. [48] , normal and waxy type cereals had 20-30 and 0-5% amylose content, respectively. Barley was mostly constituted with low amount of amylose and high amount of amylopectin. When amylopectin was not completely hydrolyzed, barley possibly indicated low estimated GI. Although less-hulled barley and beer barley were normal type barley, estimated GI was lower than that of other barley varieties. Starch structure of less-hulled barley and beer barley could be more complicated, like they were mixed with indigestible carbohydrates because these varieties were not completely polished. The estimated GI of barley flour increased when heated. The barley flour was gelatinized by heating and formed swelling amylopectin and amylose. The greater swelling in the barley flour starch was the faster starch digestibility was [48] .
The estimated glycemic index (GI) of the mixtures with potato starch and b-glucan extracted from different varieties of barley was reduced by addition of b-glucan (Table 5 ). The estimated GI of heated potato starch was the highest as 100.50 and the estimated GI of all mixtures with potato starch and b-glucans were much lower than heated potato starch as 59.71-63. 19 . These results indicated that b-glucan helped to reduce the estimated GI of the heated potato starch. The GI was first introduced as a mean for identifying carbohydrate-rich foods based on their ability to raise postprandial blood glucose levels [47] . According to Cavallero et al. [49] study, a linear decrease in glycemic index was found for increasing barley b-glucan content when consumed as bread. They indicated that the barley bread contained 2.0, 2.8, and 5.7% b-glucan decreased glycemic index to 85.42 ± 13.72, 74.46 ± 15.48, 69.67 ± 7.19, respectively. The b-glucan with high molecular weight formed highly viscous solution and showed low GI value [19] . The viscous property of the mixtures with potato starch and b-glucan in the current study helped to retard the susceptibility of enzyme to digest starch. This study demonstrated that starch digestibility was affected by heating, starch structure, and presence of b-glucan and especially dietary fiber including b-glucan from barley could slow starch digestion rate indicating the low GI value.
In summary, the physicochemical and in vitro physiological properties of six different varieties of barley grown 
